Introduction
============

COPD is a common, heterogeneous disorder of the lungs characterized by increasing airflow limitation that is irreversible, and is always progressive.[@b1-copd-13-2931] This debilitating disorder remains a major contributor to the disease burden worldwide, with acute exacerbations of COPD (AECOPD) being a formidable driver of mortality and morbidity.[@b2-copd-13-2931] AECOPD is considered an acute event, which disrupts the natural course of the disease, characterized by the worsening of respiratory symptoms, deterioration of dyspnea, cough, and an alteration in sputum purulence and abundance.[@b2-copd-13-2931] Although dominated by viral or bacterial infection of the tracheobronchial tree, the causes of AECOPD are not identified in nearly one-third of these patients.[@b3-copd-13-2931],[@b4-copd-13-2931]

Furthermore, AECOPD and left heart failure (LHF) may commonly exist together in clinical settings.[@b5-copd-13-2931],[@b6-copd-13-2931] This may be partly owing to the usual association of two disorders sharing the same risk factors, including male predominance in an aging population and cigarette smoking,[@b6-copd-13-2931],[@b7-copd-13-2931] and the complex interplay between chronic low-level systemic inflammation and oxidative stress may also attribute to the development of both progressive COPD and LHF.[@b6-copd-13-2931]--[@b9-copd-13-2931] Consequently, it was hypothesized that the incidence of LHF in elderly patients with AECOPD is probably frequent. However, a diagnosis of AECOPD with comorbid LHF is extremely difficult, as manifestations may be very similar.[@b5-copd-13-2931],[@b6-copd-13-2931]

N-terminal brain natriuretic pro-peptide (NT-proBNP) is a 76-amino acid N-terminal fragment, derived from the pro-BNP prohormone, and this biologically inactive fragment has the advantage of being easily and affordably assayed.[@b10-copd-13-2931] Plasma NT-proBNP is widely used clinically for diagnosis, risk stratification, and management in heart failure.[@b11-copd-13-2931],[@b12-copd-13-2931] Additionally, elevated plasma levels of NT-proBNP are present in various conditions, including chronic pulmonary diseases, infectious diseases and sepsis, critical illness and shock, liver cirrhosis, renal failure, hyperthyroidism, and intracranial pathologies.[@b10-copd-13-2931] However, the clinical performance of plasma NT-proBNP for the determination of coexisting LHF in the specific context of AECOPD is less well known. The previous reports showed that the plasma concentrations of NT-proBNP can be increased in COPD, especially during acute exacerbations, although not as high as in manifest heart failure.[@b13-copd-13-2931],[@b14-copd-13-2931] Therefore, we hypothesized that evaluating plasma levels of NT-proBNP may be useful in diagnosing elderly AECOPD patients suspected of possessing comorbid LHF.

The goal of this cross-sectional observational study was to evaluate the diagnostic utility of plasma NT-proBNP for identifying AECOPD concurrent with LHF.

Patients and methods
====================

This study was performed between November 2013 and May 2017 in the Department of Respiratory Medicine of Renmin Hospital of Wuhan University (Wuhan, China). The investigation accorded with the principles listed in the Declaration of Helsinki, and the study design was approved by the Ethics Committee of Renmin Hospital of Wuhan University. Written informed consent was provided by each participant in accordance with the Ethics Board of this hospital.

Inclusion and exclusion criteria
--------------------------------

Patients aged 65--88 years who previously had a diagnosis of COPD and were in an acute exacerbation of the disorder were included. The diagnosis of COPD was previously confirmed by available spirometric tests, with FEV~1~/FVC \<70% after inhalation of bronchodilators, according to the guidelines established in the Global Initiative for Chronic Obstructive Lung Disease (GOLD).[@b2-copd-13-2931] AECOPD is defined as an event in the disorder course, characterized by an alteration in the patient's baseline cough, dyspnea, and/or sputum that is beyond normal day-to-day changes, is acute in onset, and may warrant an alteration in routine medication in any patient with underlying COPD, according to the GOLD guidelines.[@b2-copd-13-2931] Patients with AECOPD who had available data of plasma NT-proBNP and echocardiography were included.

Patients with any of the characteristics below were not included: renal dysfunction (serum creatinine\>2.8 mg/dL), acute myocardial infarction, cardiogenic shock, valvular heart disease, pyemia, and severe endocrine or hepatic dysfunction. Patients with an obvious etiology of exacerbations (pneumothorax or pneumonia on the basis of chest X-ray, and pulmonary embolism diagnosed through computerized tomography scan) or recent treatment with diuretics were excluded in this study. Patients with a known history of LHF were ineligible. Subjects who were nonechogenic based on echocardiographic assessment or who did not undergo pulmonary function tests (PFTs) were also excluded from our analysis.

In addition to the selected AECOPD cohort, 40 healthy elderly individuals were recruited from the check-up department and served as normal control group. Those age-matched healthy participants had no obvious respiratory or cardiac symptoms or disorders. Moreover, none of them met any of the above exclusion criteria.

Study protocol
--------------

This was a prospective cross-sectional observational study, and the study flow-chart is outlined in [Figure 1](#f1-copd-13-2931){ref-type="fig"}. LHF was diagnosed in patients with AECOPD according to echocardiographic criteria, and the levels of NT-proBNP in plasma were measured by quantitative electrochemiluminescence assay.

Diagnosis of AECOPD and routine examination
-------------------------------------------

At screening, enrolled patients underwent total history taking, thorough physical examination, emphasizing the signs of COPD exacerbations, LHF, and cor pulmonale. Auscultation abnormalities were coarse crackles (rhonchi), fine crackles (crepitations), and wheezing. PFTs were performed according to the standard operating procedure[@b15-copd-13-2931] and measured using a Vmax229 Pulmonary Function Instrument (SensorMedics, Yorba Linda, CA, USA). FEV~1~ and FVC were measured using the Vmax229 (SensorMedics). Total lung capacity (TLC) was determined using a body plethysmograph (6200 Autobox; SensorMedics). Diffusion capacity for carbon monoxide (DL~CO~) was determined by the single breath method[@b15-copd-13-2931] using an infrared analyzer (Vmax229; SensorMedics). PFT results were expressed as percentages of predicted normal values. Other findings, including arterial blood gas analysis, hematology, biochemistry, electrocardiogram (ECG), chest radiography, and computerized tomography scan data, were also collected. ECG abnormalities concerning left heart dysfunction mainly include: T-wave inversion, pathological Q-wave, or loss of R, left ventricular hypertrophy, complete or incomplete left bundle branch block, QRS axis deviation, and ST depression or elevation. All clinical data were recorded on the first day of enrollment.

AECOPD was diagnosed based on all relevant clinical data, according to the diagnostic criteria of the GOLD guidelines, by two pulmonologists. Cor pulmonale was established in patients who had clinical and instrumental evidence of right ventricle (RV) abnormalities secondary to COPD, using standard criteria.[@b16-copd-13-2931],[@b17-copd-13-2931]

Assessment of LHF and comorbidities
-----------------------------------

Although invasive cardiac catheterization is considered the gold standard for showing impaired filling and relaxation, the balance of pros and cons as well as financial burden argues against its routine use in clinical practice.[@b18-copd-13-2931] Doppler echocardiography has assumed the principal role in noninvasive evaluation of heart failure.[@b17-copd-13-2931] On the first day of enrollment, all patients with AECOPD were subjected to transthoracic echocardiographic examination, which was accomplished by two experienced cardiac sonographers blinded to the plasma NT-proBNP values, using color Doppler, and M-mode, two-dimensional imaging with commercially available instruments, working at 2.0--3.5 MHz (Siemens Medical Solutions, Erlangen, Germany). An expert panel (involving one pulmonologist and two cardiologists) analyzed all relevant clinical data, except each patient's plasma NT-proBNP levels. The final identification of LHF was established according to consensus among all three independent physicians, according to the American Society of Echocardiography Guidelines.[@b17-copd-13-2931] Furthermore, the clinically important comorbidities in all subjects with AECOPD were analyzed in conjunction with a thorough workup, referring to corresponding clinical guidelines.[@b19-copd-13-2931]--[@b21-copd-13-2931]

Detection of NT-proBNP in plasma
--------------------------------

Blood samples from all patients who were diagnosed as having AECOPD and those who served as normal controls were obtained to determine baseline NT-proBNP concentrations within 6 hours on the first day of enrollment. The levels of NT-proBNP in plasma were measured using quantitative electrochemiluminescence assay (Elecsys NT-proBNP; Roche Diagnostics, Basel, Switzerland) on an Elecsys 2010 analyzer (Roche Diagnostics) following established methods. The investigator responsible for the measurements was not aware of the subjects' clinical parameters.

Statistical analysis
--------------------

All continuous variables are expressed as mean±SD or median (interquartile range), and are compared using independent sample *t*-tests and Wilcoxon--Mann--Whitney tests, respectively. Categorical variables are expressed as absolute numbers and proportions. Receiver operating characteristic (ROC) curves and areas under the curves were obtained, with the values giving the best combination of specificity and sensitivity (maximum sum of both) being considered indications of the diagnostic accuracy of plasma NT-proBNP in the patient groups. *P*\<0.05 is considered statistically difference. All statistical analyses were performed in SPSS software version 20.0 (IBM Corporation, Armonk, NY, USA).

Results
=======

Baseline characteristics of patients with AECOPD
------------------------------------------------

A total of 1,151 patients with AECOPD were enrolled. Four hundred and ninety-six patients were excluded for these reasons: AECOPD owing to infectious pneumonia (n=178), pulmonary embolism (n=59), or pneumothorax (n=12); acute myocardial infarction (n=8); pyemia (n=26); inability to undergo echocardiography (n=84) or PFTs (n=104); other reasons (n=25). Six hundred and fifty-five patients met our inclusion criteria and completed this study according to the protocol. The patients with only AECOPD were defined as the AECOPD group, and patients with AECOPD associated with LHF were defined as the AECOPD plus LHF group.

The baseline characteristics of all subjects are shown in [Table 1](#t1-copd-13-2931){ref-type="table"}. Age, gender ratio, smoking history (pack-years), body mass index, or SBP were similar in the normal control group, AECOPD group, and AECOPD plus LHF group (all *P*\>0.05). The patients in the AECOPD plus LHF group had significantly increased concentrations of high-sensitivity C-reactive protein (hs-CRP), compared with those in the AECOPD group (40.5±17.1 and 32.8±15.3 mg/L, respectively; *P*\<0.01), but the serum levels of hemoglobin or albumin were not statistically different between the two groups (all *P*\>0.05). The levels of hydrogen ion concentration (pH), arterial oxygen saturation (O~2~Sat), bicarbonate, and partial pressure of oxygen in arterial blood (PaO~2~) in the AECOPD group were comparable to those in the AECOPD plus LHF group (all *P*\>0.05). However, the values of partial pressure of carbon dioxide in arterial blood (PaCO~2~) differed significantly between the two groups (49.1±20.2 and 55.6±20.7 mmHg, respectively; *P*\<0.01). In the AECOPD plus LHF group, 39.9% of patients suffered from corpulmonale, as compared to 32.8% of patients in the AECOPD group. ECG abnormalities, mainly ST depression or elevation (12.1%), complete/incomplete left bundle branch block (9.6%), and T-wave inversion (6.6%), occurred in 34.1% of the subjects: three (7.5%) patients in the normal control group, 138 (27.8%) in the AECOPD group, and 96 (60.8%) in the AECOPD plus LHF group. About 10.9% of the subjects had more than one abnormal result. Auscultation abnormalities were common in the AECOPD patients: 31.4% in the AECOPD group and 42.4% in the AECOPD plus LHF group.

Pulmonary function tests
------------------------

The results of the PFTs are shown in [Table 2](#t2-copd-13-2931){ref-type="table"}. The mean values of the FEV~1~ predicted, FEV~1~/FVC (%), and DL~CO~ predicted in the 655 patients with AECOPD were significantly lower, compared with those in healthy controls (all *P*\<0.01). However, patients with AECOPD exhibited markedly higher percentage of TLC predicted than the healthy individuals (*P*\<0.05). The mean values of the FEV~1~ predicted, FEV~1~/FVC (%), or TLC predicted were similar in the AECOPD group and the AECOPD plus LHF group (all *P*\>0.05). Noticeably, patients in the AECOPD plus LHF group suffered poorer diffusion capacity: the DL~CO~ predicted was 52.5%±20.8% in the AECOPD group and was 47.1%±24.5% in the AECOPD plus LHF group (*P*\<0.01).

Diagnosis of LHF in patients with AECOPD and comorbidities
----------------------------------------------------------

The echocardiographic findings are shown in [Table 2](#t2-copd-13-2931){ref-type="table"}. In our cohort, a total of 655 subjects were included, of whom 158 (24.1%) had concurrent echocardiographic heart failure, whether systolic (n=108, 68.4%) or diastolic (n=50, 31.6%).

The patients with AECOPD associated with systolic heart failure had markedly decreased levels of left ventricular ejection fraction (LVEF), as compared with those associated with diastolic heart failure or with only AECOPD (*P*\<0.01). Furthermore, the ratio of peak velocities of blood flow between early diastolic filling and atrial contraction filling (E/A ratio) and left ventricular isovolumetric relaxation time (IVRT) were significantly different among the three groups (all *P*\<0.01). However, the E wave deceleration time (EDT) had similar performance among the above groups (*P*\>0.05). Pulmonary artery pressure was markedly different among the three groups: the level of pulmonary artery systolic pressure (PASP) was 39.5±9.2 mmHg in patients with only AECOPD, 51.9±20.1 mmHg in those associated with systolic heart failure, and 57.1±17.3 mmHg in those associated with diastolic heart failure (*P*\<0.01). In addition, the values of LVEF, E/A ratio, IVRT, and EDT in the AECOPD group were similar to those in the normal control group. However, the level of PASP was markedly higher in patients with AECOPD only (39.5±9.2 mmHg) compared with the healthy controls (25.3±6.1 mmHg) (*P*\<0.01).

After carefully analyzing the comorbidities in all the subjects with AECOPD in conjunction with detailed clinical data, we demonstrated that patients in the AECOPD plus LHF group suffered ischemic cardiomyopathy, hypertension, diabetes mellitus type II, or dilated cardiomyopathy, with an involvement of 23.4%, 19.0%, 11.4%, and 5.1%, respectively. Thirty-six (22.8%) patients in the AECOPD plus LHF group may have other clinically unimportant comorbidities or have no comorbidities, as shown in [Figure 2](#f2-copd-13-2931){ref-type="fig"}. Moreover, our findings showed that 29 (18.4%) patients in the AECOPD plus LHF group had two or three comorbidities, and 31 (6.2%) patients in the AECOPD group simultaneously suffered hypertension and diabetes mellitus type II.

Plasma concentrations of NT-proBNP
----------------------------------

The plasma concentrations of NT-proBNP are shown in [Figure 3A](#f3-copd-13-2931){ref-type="fig"}. The plasma concentrations of NT-proBNP in elderly patients with AECOPD associated with LHF were markedly elevated, as compared with those with AECOPD only (4,542.5 and 763.0 ng/L, respectively, *P*\<0.01). In the AECOPD plus LHF group, patients with systolic heart failure had significantly higher levels of NT-proBNP than patients with diastolic heart failure (4,903.7 and 3,762.3 ng/L, respectively, *P*\<0.05). The 655 aged patients with AECOPD exhibited markedly enhanced levels of NT-proBNP in plasma, as compared to the healthy controls (*P*\<0.01).

ROC curve was obtained using plasma levels of NT-proBNP as a diagnostic test for AECOPD associated with LHF, as shown in [Figure 3B](#f3-copd-13-2931){ref-type="fig"}. The ROC curve demonstrated an area of 0.928 (95% CI 0.898--0.958, *P*\<0.01). The optimal threshold point for plasma NT-proBNP levels was 1,677.5 ng/L, which yielded the maximum sum of both sensitivity and specificity. At this cutoff, the sensitivity for diagnosing AECOPD plus LHF was 87.9%, specificity was 88.5%, positive predictive value was 70.9%, negative predictive value was 95.9%, and accuracy was 88.4%, as outlined in [Table 3](#t3-copd-13-2931){ref-type="table"}.

Discussion
==========

In the current study, 158 (24.1%) of the 655 AECOPD patients had concurrent LHF, of which 108 (68.4%) had systolic heart failure, and 50 (31.6%) had diastolic heart failure. The plasma concentrations of NT-proBNP in elderly patients with AECOPD The plasma concentrations of NT-proBNP in elderly patients with AECOPD concurrent with LHF were markedly elevated, as compared with those with AECOPD only. For the diagnosis of AECOPD associated with LHF, a plasma level of NT-proBNP of 1,677.5 ng/L, established by ROC analysis, yielded the optimal combination of sensitivity and specificity (87.9% and 88.5%, respectively) with an area under the ROC curve of 0.928. Therefore, our data demonstrated that the plasma level of NT-proBNP may be a useful indicator in diagnosing AECOPD associated with LHF.

Heart failure is frequently associated with COPD, affecting up to one-third of COPD patients.[@b5-copd-13-2931],[@b6-copd-13-2931],[@b22-copd-13-2931] In the present study, 24.1% of the elderly AECOPD patients had comorbid LHF, suggesting an increased frequency of cardiac dysfunction in this senior population. Nevertheless, the pathogenesis underlying the frequent coexistence of AECOPD and LHF is multifaceted. Common risk factors, including older age, cigarette smoking, and the male predominance, do not fully explain the high incidence of the two diseases.[@b6-copd-13-2931]--[@b9-copd-13-2931] It is believed that chronic low-grade inflammation associated with COPD can be regarded as a systemic disorder, which is involved in the formation of atherosclerosis, manifested by high concentrations of circulating inflammatory biomarkers, like acute phase protein, in patients.[@b6-copd-13-2931]--[@b8-copd-13-2931] Consequently, it is inferred that the systemic inflammatory state related to COPD exacerbations may impair the endothelial function and accelerate the atherosclerosis progression, resulting in increased incidence of ischemic heart disease.[@b9-copd-13-2931],[@b23-copd-13-2931] Our data showed that patients with AECOPD concurrent with LHF exhibited significantly enhanced levels of hs-CRP, as compared with those with AECOPD only. Furthermore, our findings demonstrated that 37 (23.4%) subjects in the AECOPD plus LHF group simultaneously suffered ischemic heart disease. Therefore, it is possible that the interrelationship between COPD exacerbations and LHF may be related to low-grade systemic inflammation, but future studies are required to clarify this.

Unfortunately, due to an overlap in clinical presentation between AECOPD and LHF, including exertional dyspnea, easy fatigability, nocturnal cough, wheezing, etc., the timely identification of AECOPD associated with LHF is currently challenging and needs a high degree of clinical suspicion.[@b5-copd-13-2931]--[@b7-copd-13-2931] In the current study, the majority of the enrolled patients experienced dyspnea or decreased exercise tolerance, and abnormal pulmonary sounds were common. However, clinical examinations with sufficient accuracy to diagnose AECOPD coexisting with LHF are not always available in routine practice. Our data showed that about 21.0% of the unqualified patients failed to perform PFTs. Interestingly, apart from the diffusion capacity, such as the DL~CO~ predicted, variables of FEV~1~/FVC, FEV~1~ predicted, or TLC predicted were similar in patients with AECOPD only and those with AECOPD associated with LHF, suggesting that PFTs cannot reliably facilitate a differential diagnosis between geriatric patients with AECOPD only and those with concurrent LHF. Transthoracic echocardiography is a noninvasive and nonradioactive method for accurately assessing heart failure in the clinical practice.[@b17-copd-13-2931] However, it is not effective in patients with AECOPD, since hyperinflation of the chest will alter sound-wave transmission through the chest, resulting in an impaired acoustic window.[@b17-copd-13-2931],[@b24-copd-13-2931] Our data revealed that diagnostic echocardiographic results could not be obtained in 16.9% of the excluded subjects. As such, a reliable but simple method to objectify these events is required.

Plasma NT-proBNP is derived from a 134-amino acid precursor pre-pro-BNP, which is relatively stable in vitro, and has the advantages of sensitive detection, and less individual difference.[@b10-copd-13-2931] The main stimulus responsible for increasing NT-proBNP production is myocardial wall stress.[@b10-copd-13-2931] Plasma NT-proBNP is currently widely used in the biochemical detection of heart failure.[@b11-copd-13-2931],[@b12-copd-13-2931] Additionally, it has prognostic value and serves as a guide for titrating treatments in this setting.[@b11-copd-13-2931],[@b12-copd-13-2931] A threshold value of plasma NT-proBNP of 900 pg/mL is accurate for making a diagnosis of heart failure in individuals between 50 and 75 years old.[@b22-copd-13-2931] However, the specific setting of AECOPD is linked to a lower rise in plasma levels of NT-proBNP.[@b13-copd-13-2931],[@b14-copd-13-2931] It has been reported that severe hypoxemia induced by bronchoconstriction, mucus hyper-secretion, and alveolar hypoxia in AECOPD could lead to pulmonary vasoconstriction, resulting in increased pulmonary arterial systolic pressure, greater RV afterload, and elevated plasma concentrations of NT-proBNP.[@b25-copd-13-2931],[@b26-copd-13-2931] Furthermore, the low oxygen tension may cause an increase in the synthesis of plasma NT-proBNP.[@b26-copd-13-2931] Our results have shown that elderly patients with AECOPD exhibit markedly enhanced plasma concentrations of NT-proBNP, and experience hypoxemia and elevated PASP, as compared to healthy controls. Therefore, the enhanced plasma concentrations of NT-proBNP in geriatric patients with AECOPD may be associated with the existence of hypoxemia and PASP in those patients. It has been reported that AECOPD could in itself cause sufficient strain on the heart to induce necrosis of myocardial cells.[@b6-copd-13-2931] Besides the prolonged hypoxemia, secondary pulmonary hypertension, and subsequent RV stress, lung hyperinflation due to ventilation impairment may, to some extent, lead to elevated levels of NT-proBNP in plasma.[@b25-copd-13-2931]--[@b28-copd-13-2931] The hyperinflation mechanics during exacerbations might reduce ventricular filling and impede venous return, leading to a lower stroke volume and cardiac dysfunction.[@b28-copd-13-2931] Moreover, the potential cardiopulmonary interactions may also contribute to the result.[@b7-copd-13-2931] In the current study, the plasma concentrations of NT-proBNP in the elderly patients with AECOPD associated with LHF were markedly elevated, as compared with those with AECOPD only. ROC curves for the plasma concentrations of NT-proBNP were obtained as a diagnostic test for LHF in the elderly patients with AECOPD. The optimal cutoff point for plasma NT-proBNP was 1,677.5 ng/L, at which the sum of specificity and sensitivity values was the maximum, as shown in [Table 3](#t3-copd-13-2931){ref-type="table"}. For this value, the area under the ROC curve was 0.928. Therefore, the measurement of the plasma levels of NT-proBNP may provide an important method for the detection of AECOPD co-occurring with LHF.

Limitations
-----------

Our study has some limitations. First, we did not obtain data regarding GOLD staging during the acute exacerbations of COPD, since multiple factors, such as bronchoconstriction, respiratory muscle fatigue, and mucus hypersecretion and obstruction would affect the final results of the PFTs. The GOLD grading standard of airflow obstruction may be even more unreliable when AECOPD patients have concurrent LHF. Second, we did not assess the correlation between the AECOPD and respiratory infections. According to several epidemiological studies, respiratory tract infections, either viral or bacterial, are major triggering factors in AECOPD, and airway inflammation is significantly associated with an elevated plasma level of NT-proBNP.[@b4-copd-13-2931],[@b10-copd-13-2931] Thus, we excluded those patients with infectious pneumonia or pyemia. Third, potential biomarkers, such as cardiac troponin,[@b29-copd-13-2931] galectin-3,[@b30-copd-13-2931] soluble suppression of tumorigenicity-2 (sST2),[@b31-copd-13-2931] and soluble AXL (sAxl),[@b32-copd-13-2931] that may lead to faster diagnosis of heart failure were not characterized in our study. Although these emerging biomarkers may have a conspicuous role in cardiovascular physiology,[@b29-copd-13-2931]--[@b31-copd-13-2931] and may even be associated with the progression and severity of heart failure,[@b33-copd-13-2931],[@b34-copd-13-2931] their use in heart failure is not yet established. Finally, the enrollment of COPD patients based on spirometric-test-confirmed criteria may have missed some eligible subjects. However, our data were not short of statistical power to detect an association between plasma concentrations of NT-proBNP and LHF in the elderly patients with AECOPD.

Conclusion
==========

In summary, the present study has indicated that a relatively large proportion of elderly AECOPD patients have concurrent LHF. The plasma concentrations of NT-proBNP in older patients with AECOPD associated with LHF are markedly elevated, as compared with those with AECOPD only. Therefore, we have concluded that plasma NT-proBNP, which can be readily assessed in most medical settings, may be a useful indicator in identifying patients with AECOPD concurring with LHF.
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![Study flow-chart.\
**Note:** ※, Others include cardiogenic shock, valvular heart disease, severe endocrine or hepatic dysfunction, etc.\
**Abbreviations:** AECOPD, acute exacerbation of COPD; LHF, left heart failure.](copd-13-2931Fig1){#f1-copd-13-2931}

![The comorbidities of LHF in 158 patients with acute exacerbation of COPD.\
**Note:** "Others" include those who have other clinically unimportant comorbidities or have no comorbidities.\
**Abbreviations:** AECOPD, acute exacerbation of COPD; LHF, left heart failure.](copd-13-2931Fig2){#f2-copd-13-2931}

![NT-proBNP level in different groups and its accuracy in identifying patients with AECOPD co-occurring with LHF.\
**Notes:** (**A**) The median NT-proBNP plasma values in individual groups. (**B**) Receiver operating characteristic curve exploring the accuracy of plasma NT-proBNP in identifying elderly patients with AECOPD co-occurring with LHF. The AUC was 0.928 (95% CI 0.898--0.958, *P*\<0.01). ^\*\*\*^Statistical significance at *P*\<0.01.\
**Abbreviations:** AECOPD, acute exacerbation of COPD; LHF, left heart failure; NT-proBNP, N-terminal brain natriuretic pro-peptide; AUC, area under the curve.](copd-13-2931Fig3){#f3-copd-13-2931}

###### 

Patient baseline characteristics for the individual groups

  Characteristics                                                               Normal control group (n=40)                             AECOPD group (n=497)                                      AECOPD plus LHF group (n=158)
  ----------------------------------------------------------------------------- ------------------------------------------------------- --------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  Age (years)                                                                   71.9±7.0                                                71.2±5.4                                                  72.3±5.3
  Male gender                                                                   25 (62.5%)                                              324 (65.2%)                                               98 (62.0%)
  SBP (mmHg)                                                                    128.7±20.7                                              132.8±31.8                                                136.6±34.4
  Body mass index (kg/m^2^)                                                     25.9±10.0                                               27.5±13.0                                                 27.0±11.4
  Pack-years of smoking                                                         38.2±18.8[‖](#tfn5-copd-13-2931){ref-type="table-fn"}   44.0±20.8                                                 43.5±22.5
  Cor pulmonale[\*](#tfn2-copd-13-2931){ref-type="table-fn"}                    0                                                       163 (32.8%)                                               63 (39.9%)
  Electrocardiogram abnormalities[†](#tfn3-copd-13-2931){ref-type="table-fn"}   3 (7.5%)                                                138 (27.8%)[§](#tfn6-copd-13-2931){ref-type="table-fn"}   96 (60.8%)[§](#tfn6-copd-13-2931){ref-type="table-fn"},[¶](#tfn8-copd-13-2931){ref-type="table-fn"}
  Auscultation abnormalities[‡](#tfn4-copd-13-2931){ref-type="table-fn"}        0                                                       156 (31.4%)                                               67 (42.4%)
  Laboratory parameters                                                                                                                                                                           
   Hemoglobin (g/dL)                                                            13.8±3.0                                                11.9±4.5                                                  12.2±6.0
   Albumin (g/L)                                                                50.6±23.0                                               48.2±19.7                                                 45.5±21.3
   hs-CRP (mg/L)                                                                1.4±2.0                                                 32.8±15.3[§](#tfn6-copd-13-2931){ref-type="table-fn"}     40.5±17.1[§](#tfn6-copd-13-2931){ref-type="table-fn"},[¶](#tfn8-copd-13-2931){ref-type="table-fn"}
  Characteristics of the AECOPD episode                                                                                                                                                           
   HR (beats/min)                                                               72.6±19.3                                               93.7±27.1[§](#tfn6-copd-13-2931){ref-type="table-fn"}     96.8±22.8[§](#tfn6-copd-13-2931){ref-type="table-fn"}
   RR (breaths/min)                                                             20.5±2.0                                                27.4±3.5[§](#tfn6-copd-13-2931){ref-type="table-fn"}      28.1±5.0[§](#tfn6-copd-13-2931){ref-type="table-fn"}
   pH                                                                           7.35±0.05                                               7.32±0.45                                                 7.28±0.74[Φ](#tfn7-copd-13-2931){ref-type="table-fn"}
   PO~2~ (mmHg)                                                                 92.5±33.0                                               75.6±27.1[§](#tfn6-copd-13-2931){ref-type="table-fn"}     71.2±23.0[§](#tfn6-copd-13-2931){ref-type="table-fn"}
   PCO~2~ (mmHg)                                                                41.5±17.1                                               49.1±20.2[Φ](#tfn7-copd-13-2931){ref-type="table-fn"}     55.6±20.7[§](#tfn6-copd-13-2931){ref-type="table-fn"},[¶](#tfn8-copd-13-2931){ref-type="table-fn"}
   O~2~ Sat (%)                                                                 97.4±4.0                                                90.5±9.1[§](#tfn6-copd-13-2931){ref-type="table-fn"}      88.9±10.3[§](#tfn6-copd-13-2931){ref-type="table-fn"}
   Bicarbonate (mEq/L)                                                          24.5±5.2                                                28.3±9.6                                                  27.0±10.0
   Serum creatinine (mg/dL)                                                     1.0±0.3                                                 1.2±0.9                                                   1.3±1.1

**Notes:** Data are represented as mean±standard deviation or number (%).

Cor pulmonale is defined as the structural or functional impairment of the RV due to pulmonary hypertension caused by disorders of the respiratory system, of which COPD is the most common cause.[@b25-copd-13-2931]

Electrocardiogram abnormalities concerning left heart dysfunction mainly include T-wave inversion, pathological Q-wave, or loss of R, left ventricular hypertrophy, complete or incomplete left bundle branch block, QRS axis deviation, ST depression or elevation.

Auscultation abnormalities including coarse crackles (rhonchi), fine crackles (crepitations), and wheezing.

Excluding 17 (42.5%) nonsmokers, the pack-years of smoking was 38.2±18.8 year in 23 of the 40 subjects. Compared with normal control group,

*P*\<0.01,

*P*\<0.05. Compared with AECOPD group,

*P*\<0.01.

**Abbreviations:** AECOPD, acute exacerbation of COPD; hs-CRP, high-sensitivity C-reactive protein; HR, heart rate; NT-proBNP, N-terminal brain natriuretic pro-peptide; O~2~Sat, arterial oxygen saturation; PaO~2~, partial pressure of oxygen in arterial blood; PaCO~2~, partial pressure of carbon dioxide in arterial blood; pH, hydrogen ion concentration; RR, respiratory rate; RV, right ventricle.

###### 

Pulmonary function tests and echocardiographic parameters in 655 patients with acute exacerbation of COPD

  Auxiliary examinations             Normal control (n=40)   AECOPD group (n=497)                                      AECOPD plus LHF group (n=158)                                                                           
  ---------------------------------- ----------------------- --------------------------------------------------------- ------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  **Pulmonary function tests**                                                                                                                                                                                                 
  FEV~1~ predicted                   79.3±24.4               61.6±20.2[\*](#tfn11-copd-13-2931){ref-type="table-fn"}   58.2±21.0[\*](#tfn11-copd-13-2931){ref-type="table-fn"}                                                 
  FEV~1~/FVC (%)                     70.8±15.3               60.0±15.5[\*](#tfn11-copd-13-2931){ref-type="table-fn"}   57.5±17.8[\*](#tfn11-copd-13-2931){ref-type="table-fn"}                                                 
  TLC predicted                      112.0±27.5              122.0±28.5[†](#tfn12-copd-13-2931){ref-type="table-fn"}   120.5±31.2[†](#tfn12-copd-13-2931){ref-type="table-fn"}                                                 
  DL~CO~ predicted                   80.7±26.4               52.5±20.8[\*](#tfn11-copd-13-2931){ref-type="table-fn"}   47.1±24.5[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}   
                                                                                                                                                                                                                               
                                                                                                                       **Systolic (n~1~** =**108)**                                                                            **Diastolic (n~2~** =**50)**
                                                                                                                                                                                                                               
  **Echocardiographic parameters**                                                                                                                                                                                             
  LVEF (%)                           64.0±4.8                63.0±4.6                                                  43.2±3.1[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}    59.5±2.4[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}
  E/A ratio                          1.08±0.26               1.01±0.38                                                 0.95±0.30[†](#tfn12-copd-13-2931){ref-type="table-fn"}                                                  1.54±0.44[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}
  EDT (ms)                           198.9±33.2              194.4±42.0                                                201.0±37.5                                                                                              189.5±55.3
  IVRT (ms)                          76.5±12.8               77.6±12.2                                                 75.5±15.2                                                                                               68.0±25.4[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}
  PASP (mmHg)                        25.3±6.1                39.5±9.2[\*](#tfn11-copd-13-2931){ref-type="table-fn"}    51.9±20.1[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}   57.1±17.3[\*](#tfn11-copd-13-2931){ref-type="table-fn"},[‡](#tfn13-copd-13-2931){ref-type="table-fn"}

**Notes:** Data are represented as mean±SD.

Statistical significance at *P*\<0.05. Compared with normal control group, ^\*^*P*\<0.01,

*P*\<0.05. Compared with AECOPD group,

*P*\<0.01.

**Abbreviations:** AECOPD, acute exacerbation of COPD; DL~CO~, diffusion capacity for carbon monoxide; E/A ratio, ratio of peak velocities of blood flow between early diastolic filling (E) and atrial contraction filling (A); EDT, E wave deceleration time; IVRT, left ventricular isovolumetric relaxation time; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic pressure; TLC, total lung capacity.

###### 

Sensitivity, specificity, positive and negative predictive values, and accuracy of plasma NT-proBNP in identifying left heart failure at different cutoff points

  NT-proBNP (ng/L)   Sensitivity   Specificity   Positive predictive value   Negative predictive value   Accuracy
  ------------------ ------------- ------------- --------------------------- --------------------------- ----------
  1,610.0            0.898         0.863         0.676                       0.964                       0.872
  1,633.5            0.886         0.870         0.683                       0.960                       0.873
  1,648.0            0.886         0.871         0.686                       0.960                       0.875
  1,675.0            0.879         0.881         0.702                       0.958                       0.881
  1,677.5            0.879         0.885         0.709                       0.959                       0.884
  1,684.0            0.873         0.889         0.715                       0.957                       0.885
  1,703.5            0.868         0.892         0.717                       0.955                       0.885
  1,733.5            0.868         0.894         0.721                       0.955                       0.887
  1,741.0            0.860         0.901         0.735                       0.953                       0.892

**Abbreviation:** NT-proBNP, N-terminal brain natriuretic pro-peptide.

[^1]: These authors contributed equally to this work
